To examine the effects of spatially complex habitat (i.e., cluttered) and prey availability on habitat selection by bats, we constructed 3-dimensional ''clutter cones'' and monitored activity of free-ranging bats in them. Cones were paired with cones of equal clutter density and size in which we placed ultraviolet (UV) light sources to attract nocturnal insects and hence increase prey availability. We tested predictions arising from resource-partitioning experiments in previous works from laboratories and the field. Activity by bats of all sizes was unaffected by density of clutter, and activity by small-sized bats at all UV-illuminated sites increased significantly, whereas activity by large-sized bats was unaffected. Also, Myotis lucifugus did not negotiate clutter densities as complex as those in previous laboratory work. This suggests that habitat complexity is likely one means by which foraging areas are partitioned between those bats that can exploit them (i.e., smaller species) and those that cannot and that cluttered habitats are avoided except when they may serve a purpose such as an energetic benefit. Although behavioral studies conducted in the laboratory serve to obtain data on ultimate capabilities, differences between results from the laboratory and the field suggest that an animal's behavior may be specific to its present environment.
According to optimal foraging theory, animals should seek to maximize their net energy intake, given certain restrictions (Stephens and Krebs 1986) . However, several factors other than energy may affect an animal's foraging decisions such as the need for certain nutrients (Geiser 1996) or presence of a predator (Fenton et al. 1994) . Currently, it is unclear whether any dietary needs drive the foraging decisions of temperate bat species. In North America, there are no predators that specialize on bats and even relatively few that are considered opportunistic predators (Fenton et al. 1977 (Fenton et al. , 1994 . As a result, habitat selection might be expected to be based solely on physical and sensorial constraints, limiting access and prey availability. To date, most habitat selection documented in temperate bats has * Correspondent: dsleep@uoguelph.ca been attributed to resource partitioning based on clutter tolerance or the distribution of prey sources (e.g., ephemeral or permanent- Aldridge and Rautenbach 1987; Bell 1980; Grindal et al. 1999; Humes et al. 1999; Jacobs 1999a Jacobs , 1999b . However, bats may also select foraging areas that provide shelter from wind (Verboom and Spoelstra 1999) or navigational aid, such as landmarks (Walsh and Harris 1996) . In some cases, habitat use by bats may be evenly distributed across habitats (Sherwin et al. 2000) . We hypothesize that clutter density plays an increasingly important role in the selection of foraging habitat by bats with increasing body size (because larger bats are less maneuverable).
Body mass, wing loading, aspect ratio, wingspan, wing area, wingtip shape, and area of tail membrane are morphological characteristics that have been used as indi-ces of the flight abilities of bats (Findley and Wilson 1982; Norberg and Rayner 1987) . Typically, they are correlated with field observations of flight patterns and associated habitat use (e.g., hovering and gleaning- Aldridge 1986 Aldridge , 1987 Aldridge and Rautenbach 1987; Barclay 1991; Brigham et al. 1997; Fullard et al. 1991; Saunders and Barclay 1992) . However, few studies have made direct physical measurements of habitat, resorting instead to qualitative descriptions, e.g., cluttered, edge, and open (Fenton 1990; Jacobs 1999b; Sherwin et al. 2000) . Using an experimental approach, we controlled clutter density and expressed habitat selection as a measure of maximum clutter negotiated.
Field studies of habitat use by aerialhawking insectivorous bats have tended to divide these animals into 2 broad categories (Norberg and Rayner 1987) : clutter tolerant and clutter intolerant. This classification works well for morphological characters but less so for other aspects of bat ecology, particularly with respect to echolocation call design and structure. Furthermore, because many species exhibit plasticity in both their habitat use and structure of echolocation calls (Jacobs 1999a (Jacobs , 1999b Saunders and Barclay 1992) , some authors are hesitant to make this distinction. Alternatively, some authors categorize aerialhawking bats into 3 categories according to habitat use: uncluttered, background cluttered, and highly cluttered (Schnitzler and Kalko 1998) . This classification system is based on properties of echolocation calls. Neither classification scheme is rigid because bats falling into the more clutter-tolerant (background cluttered, highly cluttered) categories are able to use uncluttered space, whereas those that are clutter intolerant (uncluttered) generally cannot use more cluttered space (Fenton 1990) . Some species of Pipistrellus (e.g., P. pipistrellus, P. nathusii, and P. kuhlii) have been found to adjust their echolocation call structure to better suit the degree of clutter where they choose to forage, allowing them access to a broader array of habitats (Kalko and Schnitzler 1993) . Broadly speaking, cluttertolerant species are generally smaller and have lower wing loadings and aspect ratios, making them capable of slow flight speeds and higher lateral accelerations (faster turns -Aldridge 1987) . Furthermore, clutter-tolerant species typically have short-duration, broadband calls with higher average echolocation call frequencies (Griffin 1958) , allowing them to better detect small prey amongst structurally complex backgrounds (Arlettaz et al. 2001; Brigham 1991, 1994) while minimizing prey-masking effects both forward (prey too close to the bat for detection) and backward (prey too close to structural background for detection -Schnitzler and Kalko 2001) . Although higher frequencies attenuate faster than lower frequencies (Griffin 1971) , the gain in resolution required to detect small targets apparently outweighs the loss of range in high-clutter environments because these bats tend to eat more small prey.
Conversely, clutter-intolerant species are generally larger, with higher aspect ratios and higher wing loadings. These bats typically use lower echolocation frequencies that travel farther with less attenuation (Griffin 1971) . Despite the lower frequency (larger wavelength) of their echolocation calls, diets of some larger species often feature many smaller prey items, suggesting that they may not be restricted to larger items (Findley and Wilson 1982; Waters et al. 1995) . Overall, we predicted that increased clutter would result in lower levels of bat activity and that larger bats would be most affected.
A structurally complex habitat (i.e., clutter-sensu Fenton 1990 ) directly limits the efficiency with which bats echolocate and maneuver (Boonman et al. 1998) . The challenges presented to aerial insectivorous bats by increasing spatial clutter is 2-fold. Bats must not only deal with the physical aspect of avoiding collisions with obstacles, but they must also deal with the sensorial chal-lenge of detecting prey amongst a more complex background (Schnitzler and Kalko 2001) . Aldridge (1986) examined resource partitioning in the laboratory between 2 morphologically similar species, Myotis lucifugus and M. yumanensis, to determine whether minimal morphological differences would translate into differences in maneuverability that could be used to explain their coexistence. By flying bats through various arrays of strings in a flight chamber, he found M. yumanensis was able to negotiate through more cluttered space than M. lucifugus could. It is important to compare the abilities of animals measured under controlled conditions with those in natural situations. We hypothesized that abilities of M. lucifugus measured in the laboratory would be no different from those of M. lucifugus exhibited in the wild, and as such we predicted that free-flying bats would perform in the laboratory as in the wild. Brigham et al. (1997) experimentally altered clutter levels on the edge of clear-cuts using artificial clutter constructions and then monitored bat activity in high-and low-clutter situations. Detectors were placed on the ground pointing upward into clutter. Contrary to expectations, large bats (clutter intolerant) appeared unaffected by the treatment whereas activity by small bats (clutter tolerant) declined significantly. The authors attributed these results to large bats being detected at long range while flying above the clutter due to the lower frequency of their echolocation calls. The study did not assess the influence of prey availability, except to show that sites with clutter did not differ in prey availability from sites without clutter. The present study sought to expand on the study of Brigham et al. (1997) in 2 ways. First, we corrected an artifact of their methods by placing detectors at the top of each clutter construction, pointing downward, thus eliminating the possibility of detecting bats flying outside the clutter cones. Second, we experimentally altered prey abundance between paired clutter cone constructions to test whether the addition of prey to a cluttered environment would increase the amount of bat activity within cluttered space. We predicted that if a bat were able to make use of cluttered space, it would be more likely to do so if there was a benefit in the form of increased prey availability.
MATERIALS AND METHODS
Study site.-The study was conducted in the West Block of Cypress Hills Inter-Provincial Park (49Њ34ЈN, 109Њ53ЈW), an area of approximately 9,000 ha, located 65 km southwest of Maple Creek, Saskatchewan, Canada. Because the park is designated a ''primitive'' camping area, there are few facilities and only 3 streetlights, each a minimum of 3-5 km apart. The area consists of rolling hills and elevated plateaus with vegetation dominated by alternating patches of short fescue prairie (Festuca campestris) and stands of white spruce (Picea glauca), trembling aspen (Populus tremuloides), and lodge-pole pine (Pinus contorta). Elevation of the Cypress Hills is high (1,105 m), and summer average nightly temperatures are low (6.7ЊC) in comparison with temperatures of surrounding prairie (11.9ЊC-Environment Canada 2001) . This results in a relatively low abundance of nocturnal flying insects, the only prey for resident bats. Within the study area, we selected 3 sites near streams and ponds based on accessibility and association with riparian areas that had high levels of bat activity (Grindal et al. 1999) .
Four species of bats have been regularly recorded in the Cypress Hills, including the little brown (M. lucifugus), big brown (Eptesicus fuscus), silver-haired (Lasionycteris noctivagans), and hoary (Lasiurus cinereus) bats. There are also records of western long-eared myotis (M. evotis) and western small-footed myotis (M. leibii), but none have been caught during regular sampling since 1990. The first 4 species, which are known to be present in the park, are considered aerial-hawking bats and use broadband frequency-modulated echolocation calls to detect prey and physical obstacles.
Site selection and construction.-Sites for clutter experiments were within 150 m of permanent water but no closer than 150 m to each other and not in direct line of sight. Clutter cones were suspended between 2 trees separated by 6-7 m, Ն8 m tall. Each cone was constructed by stringing a 9-mm-diameter polypropylene rope at least 5 m above the ground between the 2 support trees. A metal ring approximately 20 cm in diameter was affixed to the middle of the support line, and a 2nd rope (''centerline'') was attached to the ring and affixed to the ground. To create clutter, 3-mm twine was cut to appropriate lengths, affixed to the ring, and tacked to the ground using 7.5-cm nails (Fig. 1 ). Strings were nailed down throughout the base of the cone, creating multiple layers of clutter to negotiate. The base of each cone covered a circular area of 28.3 m 2 with a radius of 3 m. By adding or removing strands of twine we could manipulate clutter density. Low-density constructions contained 28 strands spaced equidistantly from one another, medium density had 42, and high density had 56 strands. To generate prey patches, fluorescent ultraviolet (UV) lights (BLB bulbs, BioQuip Products, Gardena, California) were hung in the center of selected cones and powered by 9 V rechargeable batteries.
The distance between strands (clutter density) in each cone was measured using a meter stick. This was done at incremental heights of 1 m between the ring and the ground. At each height we measured a minimum of 3 randomly selected interstring distances. Each set of 3 measurements was averaged to generate a mean interstring distance for that height. Each clutter density had similar interstring distances near the top of the cone but differed considerably close to the ground. Using these constructions, we were able to produce interstring distances that were both smaller and larger than those of Aldridge (1986) to facilitate comparison.
Data collection.-Data on insect abundance and bat activity were collected between 15 June and 22 August 2000. Insects were sampled using 3 different methods (sticky traps, suction traps, and intercept traps) because all insect-sampling methods are biased toward certain types of insects (Kunz 1988) . Sampling within clutter constructions was only done with sticky traps because they were the only traps that were small enough not to act as large obstacles within the constructions. We found no differences in insect numbers between sites with UV lights; therefore, we calculated the mean number of insects at UV-illuminated sites (3 per night). Intercept traps and suction traps were set in the same area as constructions for comparison with sticky traps. In addition, traps were set in dark constructions to ensure that nonilluminated sticky traps represented the available prey base. Trapping methods were compared with respect to overall number of insects captured per night, number of orders of insects (diversity) captured per night, number of small insects captured (body size Ͻ 4 mm), and number of large insects captured (body size Ͼ 4 mm). We used 3 traps of each type per night and averaged the data from each method, separated for UV treatment alone.
We monitored bat activity using bat detectors model D-100 (Pettersson Elektronik, Uppsala, Sweden), tuned to 40 kHz. We fitted detectors with a cardboard shroud that extended 15 cm from the microphone so that they would only detect bats inside the clutter cone. Each shroud was constructed of corrugated cardboard and was formed around the microphone of the detector (rectangular) to minimize its sensitivity at the top of the clutter cone, where bats could approach the detector from the side while remaining outside the clutter construction. The effective radius of detection by each unit was tested by producing ultrasonic frequencies (by shaking a set of keys) and listening to the output of the detector. Set at 40 kHz, detectors were most sensitive to calls with maximum energy near 40-kHz frequency (e.g., Myotis species); however, they also registered calls that had some energy at this frequency but whose greatest amplitude was at lower frequencies (e.g., 28 kHz, L. noctivagans; 30 kHz, E. fuscus; 20 kHz, L. cinereus). These bats that used lower frequencies were typically distinguishable by different audible tones, longer call duration, and longer interpulse intervals (Fenton et al. 1983 ). This allowed us to classify the 4 species as either M. lucifugus or large bats (Brigham et al. 1997 ). We could not use the detectors to distinguish indi-vidual bats from one another, so data collected by us represent an index of bat activity and not counts of individual bats (Barclay 1999; Kunz 1988) . Activity was quantified as number of passes by bats per 3-h recording period per night. Output of the bat detector was recorded using microcassette recorders with 90-min tapes. By using both sides of the tape, we recorded 3 h of data per night, beginning at dusk. Because we used analog tape recorders, we may have recorded for slightly more than 3 h for tapes may have run slower than expected. Recorders and detectors were hung pointing downward from the apex of each clutter construction. Tapes were analyzed the following day, and all recordings of bats were scored as being a large or small bat and as being a feeding buzz or commuting pass. A feeding buzz has a noticeable increase in pulse rate, which indicates an attempt to capture a prey item (feeding buzz) or the avoidance of an obstacle (approach call- Acharya and Fenton 1999) . To prevent bats from adjusting to a given treatment, each combination of clutter density and location of UV light was sampled for only 1 night and then moved to another site.
To ensure that bats flying outside the clutter were not being detected, we directly observed cones of all 3 levels of clutter density on 5 nights during summer. Using a flashlight and a handheld ultrasonic detector, we observed a clutter construction for up to 3 h. When the detector indicated an approaching bat, we illuminated the cone with a light. Using this method, we were able to observe activity at 10 different sites. Each site was observed only once to prevent bats from reacting negatively to our presence. Bats were scored as having entered or not entered the clutter, and the altitude at which they flew as they approached or entered the cone was estimated. We estimated the altitude of bats using markings at each vertical meter on the centerline of the constructions. By knowing the height at which bats entered cones, we could calculate the interstring distance that bats negotiated. We used only passes by M. lucifugus for comparison of clutter tolerances with those of Aldridge (1986) .
Statistical analysis.-Data on activity were not normally distributed and did not normalize after various transformations but represented a Poisson distribution. Therefore, we used a Poisson regression with the significance of regression parameters calculated using a likelihood-ratio test. Poisson regressions and likelihood-ratio tests were performed using SAS (PROC GEN-MOD in SAS-Agresti 1996; Stokes et al. 2001) . The parameters we evaluated were clutter density, presence or absence of prey patch, and the interaction between clutter and prey patch. Insect-sampling data were normalized using a log transformation and analyzed using a parametric 1-way analysis of variance performed using SYSTAT 9 (SPSS Inc., Chicago, Illinois). Significance was assigned at P Յ 0.05 (Zar 1984) .
RESULTS
We collected 17 nights of usable recordings for each treatment level. Our direct observations of M. lucifugus revealed that bats flying through the cone flew at significantly lower altitudes than those that avoided the clutter ( c 2 ϭ 7.77, d.f. ϭ 1, P Ͻ 0.01). Density of clutter was not a significant parameter for predicting activity levels of large or small bats (e.g., large bats, 2 Ͻ 0.07, P Ͼ 0.79; small bats, 2 Ͻ 0.02, P Ͼ 0.89; Figs. 2a and 2b) . However, the presence of increased prey (in illuminated cones) significantly increased activity of small bats ( 2 ϭ 7.92, P ϭ 0.004; Fig. 2a ) but not of large bats ( 2 ϭ 1.24, P ϭ 0.26). The interaction between clutter density and presence of UV light was not significant for large or small bats (large bats, 2 Ͻ 0.10, P Ͼ 0.75; small bats, 2 Ͻ 0.12, P Ͼ 0.73). Sticky traps did not catch significantly different orders of insects or numbers of insects relative to suction or intercept traps. Furthermore, there were no differences in number of insects captured per night (F ϭ 2.83, d.f. ϭ 2, P ϭ 0.07), number of orders of prey captured per night (F ϭ 2.71, d.f. ϭ 2, P ϭ 0.07), or number of large (body length Ͼ 4 mm) prey captured per night (F ϭ 0.94, d.f. ϭ 2, P ϭ 0.397) among the 3 trap types at dark sites. Significantly more small prey were captured per night by suction traps than intercept traps (F ϭ 3.50, d.f. ϭ 2, P ϭ 0.036), but sticky traps did not differ from either type. With respect to order of prey, suction traps caught significantly more dipterans than did intercept traps (F ϭ 3.94, d.f. ϭ 2, P ϭ 0.024), but sticky traps did not differ from either. The 3 trap types did not differ with respect to number of lepidopterans or coleopterans, but suction traps caught significantly fewer orders other than Lepidoptera and Coleoptera (F ϭ 4.05, d.f. ϭ 2, P ϭ 0.022). Insects of all orders (Fig. 3a) and both size categories (Ͻ4 mm and Ͼ4 mm; Fig. 3b ) reacted significantly and positively to UV lights according to samples from sticky traps.
DISCUSSION
Our data support the hypothesis that structural complexity does influence foraging habitat used by bats, despite our finding of no significant effect of different clutter densities on activity of small-sized or largesized bats. Activity of large-sized bats increased, although not significantly, in the presence of UV light, whereas activity of small-sized bats increased significantly at or avoided (out) by Myotis lucifugus in the Cypress Hills, Saskatchewan, Canada, and those used in the laboratory study (Aldridge 1986) . Bats in the field did not negotiate the smaller interstring distances that were used in the laboratory. Bars for distances used and avoided in the field represent mean Ϯ 1 SE; for laboratory study, they represent mean, minimum, and maximum interstring distances.
artificial constructions with high clutter and illuminated to attract insect prey. This suggests that larger bats are less capable of the increased maneuvering required to negotiate cluttered sites irrespective of prey availability. In contrast, small bats, which are morphologically more suited for foraging in clutter, were able to take advantage of the prey patches created by UV lights within the increased complexity. These data support the classifications of clutter tolerance and clutter intolerance used in the literature.
Increased clutter may pose 2 potential physical problems for aerially foraging bats: increased energy demand for maneuvering and reduction in the number of flying prey items, particularly large items, available for capture. If bats were specifically searching for a certain group of insects, it is possible that the UV lights did not attract them or that we were unable to sample those orders if they were attracted. Nonetheless, significant numbers of prey were attracted to the lights and sampled by the traps when compared with numbers of insects in nonlit sites and were related to an increase in activity by small bats. Activity of large bats did not significantly increase at lit sites, even though trap samples indicated that there was a significant increase in large prey items (Ͼ4 mm).
According to our data, bats were either unwilling or unable to navigate the clutter density found in the upper part of the cone. We calculated interstring distance from vertical distance from the ground and compared the values directly with the values of Aldridge (1986) . We found that bats flying through clutter cones negotiated clutter with much greater interstring distances (Fig. 4) than in the case of Aldridge (1986) . Despite the obvious differences between the laboratory environment and the field, comparing laboratory measurements of bat capabilities with what they do under natural conditions is a useful exercise. Our results indicate that M. lucifugus will not negotiate as high a clutter density under natural conditions as they are capable of in the laboratory (e.g., Aldridge 1986; Fig. 4) . Obviously, our clutter constructions were artificial and may represent a situation that bats chose to avoid. Aldridge's (1986) protocol presented the bats with only 3 rows of strings spaced equidistantly apart, whereas in our test, bats faced 6 rows that were not equally spaced, perhaps a more complex challenge. Nonetheless, average interstring distances were comparable; therefore, the comparison is relevant.
Although UV lights attracted large (Ͼ4 mm) and small (Ͻ4 mm) insects, sticky trap samples indicated that there was a far greater increase in number of small insects. As a result, prey patches that we generated using lights were likely more effective at attracting small bats that most often fed on smaller prey (Barclay and Brigham 1991) . The increased number of large prey items may not have been enough to attract the larger bats with lower frequency calls. Furthermore, twine on lit clutter cones was often used as perches for large sphinx (Smer-inthus) moths. Because larger bats such as the hoary and big brown bats found in the Cypress Hills are not likely capable of gleaning (taking prey from surfaces), these moths were not actually available to the bats. Although this would eliminate some larger prey items available to larger bats, traps samples still indicated significant increase in large volant prey.
Finally, there were 3 streetlights in the study area that attracted large prey. Being free of clutter and having been present every night for many years, these areas may have been preferred over our sites by large bats. Hickey and Fenton (1996) show that large bats, such as L. cinereus, commonly forage around streetlights, and on nights when prey abundance is low, they alter their foraging patterns and enter torpor. Thus, the effects of increased clutter in conjunction with prey availability on larger bats such as L. cinereus, E. fuscus, and L. noctivagans is not fully addressed by our study. To test more effectively the clutter tolerance of larger species separately from the small species, the prey patches created must be more attractive to larger species. To do this, clutter construction must take into account morphology of large bats and their more limited maneuverability.
In conclusion, although it is clear that M. lucifugus is capable of negotiating small interstring distances in the laboratory, the passes by bats that we observed in the field were through significantly larger gaps. This suggests that abilities these animals display are likely specific to the situation. Our data show that small bats exploit clutter when insect density increases. This supports the hypothesis that the use of spatially complex habitat is dependent on opportunities for prey capture and therefore potential energetic benefits negating the increased costs of foraging. Furthermore, habitat complexity may be at least partially responsible for niche partitioning in bats, as suggested by other authors (Fenton 1990; Norberg and Rayner 1987 
